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Trifluoroacetylation of oxygenated naphthalenes. 
Synthesis of some naphtho [2,3-c]pyran-5,10- 
quinones
Robin G.F. Giles, Ivan R. Green, Margaret L. Niven, Selwyn C. Yorke, and Victor I. Hugo
School of Chemical Sciences, University of Cape Town, Rondebosch and Department of Organic Chemistry, 
Cape Technikon, Cape Town
Trifluoroacetic anhydride is shown to acylate 1,4,5-tri- and
1.4.5.7-tetramethoxynaphthalene, the former at C(3) or C(8), 
and the latter at C(8) exclusively. The same reagent also 
acylates 1-napththol and its 4,8-dialkoxy- and 4,6,8-triatkoxy- 
derivatives to give ortto-trifluoroacetylnaphthols tn good 
yield. Cerium(IV) ammonium nitrate oxidation of the 
alkoxynaphthols gives the corresponding 2(1,1-dihydroxy-2- 
trifluoroethyl)-1 Anaphthoquinones. These quinones undergo 
hydroxypentylation of the quinonoid nucleus with 3- 
hydroxyhexanoic acid to give naphthol[2,3-c]pyran-5,10- 
quinones.
S. Afr. J. Chem., 1986, 39, 46— 50
Daar is aangetoon dat trifluoroasynsuuranhidried 1,4,5-tri- en
1.4.5.7-tetrametoksinaftaleen asileer, eersgenoemde by C{3) of 
C18) en laasgenoemde uitsluitlik by C(8). Dieselfde reagens 
asileer 1-naftol en sy 4,8-dialkoksi- en 4,6,8-trialkoksiderivate 
om die orto-trifluoroasetielnaftole in goeie opbrengs te lewer. 
Oksidasie van die alkoksinaftole met serium(IV}ammonium- 
nitraat lewer die ooreenstemmende 2(1,1-dihidroksi-2- 
trifluoroetiel)-1,4-naftokinone. Die kinone ondergaan 
hidroksipentilering op die kinonoi'edkern met 3- 
hidroksiheksanoesuur om nafto[2,3-c]piran-5,10-kinone te 
lewer.
S. Afr Tydskr. Chem., 1986, 39, 46— 50
The trifluoroacetylation of several electron-rich aromatic 
systems using trifluoroacetic anhydride has been reported . 
These include the heterocycles, furan , 1 pyrrole ,2 and indole .3 
A zulene4 has also been converted into its 1-trifluoroacetyl 
derivative by electrophilic substitution in the m ore nega­
tively polarized five-membered ring. W e report5 here on the 
regiospecific reaction  o f trifluoroacetic  anhydride w ith 
various m ethoxynaphthalenes and  also with a num ber of 
naphthols. In all cases (except tha t of 1-naphthol itself) the 
oxygenation pattern  chosen for the naphthalene substrates 
was that commonly found am ongst naturally occurring 
naphthoquinones.
Discussion
1,4,5,7-Tetram ethoxynaphthalene (1) underw ent sm ooth 
reaction with trifluoroacetic anhydride to afford solely the 
8-trifluoroacetyl derivative (2). The assignm ent was based 
on a com parison of the arom atic region of the *H n .m .r. 
spectra of starting m aterial and  product (2 ); the form er 
consists o f signals due to two orf/io-coupled protons (7 8  Hz) 
at 6 6,63 and 6,74, and two mera-coupled protons (7 2 ,5  Hz) 
at 6  6,57 and 7,19 due to 6- and 8-H  respectively. In  the 
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and  6,78, and a one-proton singlet resonated at 5  6,64 which 
com pared wcl! with ths chsmics! shift of & 6 57 for 6-H  in ths 
starting material. The ^-position of attack on the naphthalene 
nucleus was in accord with the preferred orientation of 
electrophilic substitution of naphthalene itself, and further­
m ore, electron donation by the methoxy-groups would 
prom ote this effect.
Reaction of trifluoroacetic anhydride with 1,4,5-trimeth- 
oxynaphthalene (3) was much slower, with considerable 
quantities of starting m aterial being evident by t.l.c. after 
stirring the reaction mixture at room tem perature for one 
week. H ow ever, two products were form ed in m oderate 
yield, and these were assigned as the isomeric 8- and 3- 
trifluoroacetylated compounds (4) and (5), in which the 
form er predom inated. Each structure was assigned on the 
basis o f its JH  n.m .r. spectrum. The form er showed two 
pairs of orf/jo-coupled doublets for the arom atic protons, 
which required acylation at C(6 ) or C (8); the latter was 
preferred  by comparison with acylation of com pound (1 ), 
and also because the lowest-field doublet, assignable to 8-H 
in the trimethyl ether (3), had disappeared in the spectrum 
o f 4. Assignment of the 3-isomer was confirmed by m ethyla­
tion of the ort/io-trifluoroacetyl naphthol (1 1 ), which afforded 
the derivative (5) exclusively.
In the case of 1,4-dimethoxynaphthalene (6), no reaction 
was observed whatsoever with trifluoroacetic anhydride 
even after prolonged treatm ent, and the addition of tri­
fluoroacetic acid did not alter this situation.
The above results should be compared with the reactivities 
o f the same m ethoxynaphthalenes (1), (3), and (6) with 
prem ixed acetic acid and trifluoroacetic anhydride .6 Each 
ether reacted readily to afford the analogous acetyl derivative 
as the m ajor product. While acetylation occurred at C(3) 
an d /o r C (8), the proportions of the products were different 
in that study. H owever, for an absolute comparison to  be 
m ade between the results of acetylation and trifluoro- 
acetylation, the reactions would have to  be repeated under 
identical conditions.
A ttention was then focused on the trifluoroacetylation 
of naphthols. A t room  tem perature, 1-naphthol yielded 
the trifluoroacetyl derivative (7) slowly with trifluoroacetic 





8 R = OMe; R’-H
9 R-R'-OMe 
10 R=R' = OPr'
11 R = OMe; R* ■ H
12 R = R' « OMe
13 R = R' - OPr'
bonded hydroxy-group of the product establishing 2 -tri- 
fluoroacetylation. O ther more highly substituted l-naphthols 
investigated reacted similarly, giving high yields o f the 
or/Zio-trifluoroacetylnaphthols. T hus, l,5-dim ethoxy-4- 
naph tho l (8) 6 gave the 3-trifluoroacetyl derivative (11) 
in a yield of 84% , l,5,7-trim ethoxy-4-naphthol (9)6 gave the 
derivative (12) (89% ), and l,7-diisopropoxy-5-methoxy-4- 
naphthol (10)5 gave the ortfco-trifluoroacetylnaphthol (13) 
in 85% yield.
The possible oxidation of the ortfco-trifluoroacetylnaph- 
thols was investigated, in view of the ready oxidation of the 
acetyl naphthols corresponding to 11 and 12 (C O C H 3 in 
place of C O C F3), which gave 3-acetyl-5-methoxy- and 3- 
acetyl-5,7-dimethoxy-l ,4-naphthoquinones (14) and (15) 
respectively .6 The quinone (14) has been used in the 
stereospecific synthesis of the naturally occurring naphtho­
quinone isoeleutherin, and 15 has similarly been converted 
into the dimethyl ethers of quinones A  and A ', degradation 
products of the aphid pigments protoaphin-/b and proto- 
aphin-.v/.7




18 R = H
19 R = OPr'
O xidation of naphthol (11) with two mols of cerium (IV) 
am m onium  nitrate gave the dihydroxyethylquinone (16) as 
the sole product in a yield of 86% . The hydration of the 
trifluoroacetyl carbonyl group is reminiscent of the formation 
of chloral hydrate and of hexafluoroacetone hydrate, and 
the structure of the product was indicated by 1H  n.m .r. and 
mass spectral evidence. As the molecule possesses two other 
carbonyl groups, either of which could be alternative sites of 
hydration, a crystal structure determ ination was perform ed, 
which confirmed the structure as 16. Similar oxidation of the 
naphthol (13) afforded the corresponding quinone (17) in 
high yield.
In view of the previously reported7 synthesis of naphtho- 
[2 ,3-c]pyran-5,10-quinones by alkylation of 3-acetyl-5- 
methoxy- and 3-acetyl-5,7-dimethoxy-l,4-naphthoquinones, 
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quinone (16) was alkylated with silver nitrate, potassium  
peroxodisulphonate, and a carboxylic acid. The acid chosen 
for this purpose was 3-hydroxyhexanoic acid, since it should 
lead through cyclization directly to a naphtho[2,3-c]pyran- 
5,10-quinone. This aim was in fact achieved in high yield 
(80%) with the form ation of the quinone (18). T he assign­
ment was m ade on the basis of the 'H n .m .r . spectrum  of the 
product, which showed inter alia a one-proton singlet at 6
6,23 which underw ent exchange with deuterium  oxide, a 
one-proton doublet of doublets ( /  2,5 and 18 Hz) at <5 2,93, 
and a one-proton doublet of doublets (7 1 1  and 18 H z) a t 6 
2,13, these signals being respectively due to the hydroxy- 
group., the pseudo-equatorial 4-H and the pseudo-axial 4-H. 
The signal for the axial C(3) hydrogen appeared as a 
multiplet at & 3,8. The stereochem istry at C (l)  has not been 
determ ined with certainty, although the m ore bulky tri- 
fluoromethyl group is assumed to be pseudo-axial, where it 
would suffer less from pm '-interaction with the neighbouring 
carbonyl group, than if it were pseudo-equatorial.8 In 
addition, were the C (l)  hydroxy-group pseudo-equatorial, 
it would enjoy stronger hydrogen-bonding to the carbonyl 
group than if it were pseudo-axial.8 The quinone (17) 
similarly cyclized with 3-hydroxyhexanoic acid to  give the 
naphthopyranquinone (19) in a yield o f 60% .
X-Ray determination of the compound (16)
A suitable crystal (0,30 X 0,25 X 0,20 mm) was selected for 
the A'-ray analysis. The space group was established as C 2/c 
with a =  19.84(1), b = 10,128(5), c =  14,344(7) A , ft = 
112,29(2)° Z  = 8 , with one molecule and one w ater of 
crystallization per asymmetric unit (D c =  1,60 M g m -3 ), 
and 2 091 reflections in the range 12° <  26  <  120° were 
collected at room  tem perature on the Philips P W 1100 four-
Tablel Fractional atomic coordinates (x  104) and 
thermal parameters (A2 x 103) for the non-hydrogen 
atoms of 16
xja y/b z/c U (equiv)3
C(l) 4558(2) 10371(3) 8607(3) 48(2)
C(2) 3791(2) 10003(3) 8268(3) 48(2)
C(3) 3576(2) 8746(3) 8150(3) 43(2)
C(31) 2767(2) 8396(3) 7761(3) 45(2)
C(32) 2536(2) 8126(4) 8666(3) 58(2)
C(4) 4125(2) 7653(3) 8393(3) 46(2)
C(4I) 4900(2) 7980(3) 8687(3) 44(2)
C(5) 5438(2) 7012(4) 8857(3) 48(2)
C(5t) 5779(3) 4737(4) 8851(5) 80(3)
C(6) 6164(2) 7396(4) 9114(3) 62(2)
C(7) 6352(2) 8702(4) 9208(3) 64(2)
C(8) 5834(2) 9680(4) 9053(3) 56(2)
C(81) 5114(2) 9321(3) 8788(3) 46(2)
0(1) 4740(2) 11540(3) 8729(3) 76(2)
0 (4) 3902(2) 6518(3) 8340(3) 79(2)
0(5) 5229(1) 5729(2) 8741(2) 62(2)
0(311) 2367(1) 9453(2) 7228(2) 61(2)
0(312) 2577(1) 7285(2) 7127(2) 53(2)
F(321) 2599(2) 9220(3) 9215(2) 93(2)
F(322) 1847(1) 7740(3) 8367(2) 75(2)
F(323) 2941(2) 7211(3) 9283(2) 95(2)
0(11) 988(2) 8909(3) 6163(3) 70(2)
U (equiv) = l/3(trace of orthogonafized Utj matrix)
circle diffractom eter (co —28 scan technique) using graphitc- 
m onochrom ated C u -A ^  radiation (A =  1,5418 A ). Lorentz- 
polarization corrections were applied. O f the total num ber 
o f reflections collected, 1622 (with / rel >  2o7rel) were used in 
the solution. The structure was solved using the autom atic 
centrosymmetric direct m ethods routine of S H E L X -7 6 ,9 
which revealed all of the non-hydrogen atom s in the first two 
E-maps generated. All hydrogen atom s w ere revealed in 
subsequent difference syntheses; those in geometrically 
calculable positions w ere placed accordingly w hile the  
hydrogen atoms o f hydroxy-groups and w ater were initially 
positioned as located, being allowed to refine at 0,98(1) A  
from the parent oxygen atoms. Non-hydrogen atom s were 
treated anisotropically, and hydrogen atoms isotropically; 
num ber of param eters =  217, maximum residual electron 
density in final difference m ap =  0,27 e A -3 , and final 
R  =  0,068 =  0,077 with w = (o 2F  4- 0 ,002F 2) - '] .  
Table 1 lists the final fractional atom ic coordinates and 
tem perature factors for all the non-hydrogen atom s.
Description of the structure (16)
A perspective draw ing o f th e  m olecule, w ith a tom ic 
nom enclature is shown in Figure 1. All bond lengths and
Figure 1 Perspective view of molecule (16) with atomic nomenclature.
angles are the expected order o f  m agnitudes, and do  not 
m erit discussion. In addition, the familiar planarity of the 
quinonoid moiety is observed.
The molecular packing is shown in Figure 2. A n  interesting 
network of intra- and interm olecular hydrogen bonding, in 
which the water of crystallization is intimately involved, is
proposed on the basis of 0-----0 non-bonded contacts and
location of hydroxyl hydrogen atom s.
Experimental
All lH n.m .r. spectra were m easured for solutions in 
[2H]chloroform with tetramethylsilane as internal reference, 
and i.r. spectra were m easured for N ujol mulls. Preparative 
layer chromatography (p.I.c.) and thin layer chromatography 
( t . 1 .c.) were performed on plates coated with M erck Kieselgel 
60 F254, while column chrom atography refers to  dry-packed 
columns using the same gel (70— 230 mesh). Light petroleum  
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Figure 2 Molecular packing of 16; dotted lines indicate the proposed 
hydrogen bonding scheme.
upon work-up' refers to  the residue when the organic layer 
was separated , dried (M gS 04), and the solvent evaporated 
under reduced pressure.
1 A .5 J-Tetramethoxy-8-trifl.uoroacety (naphthalene (2 )
1,4,5,7-Tetram ethoxynaphthalene (1) (52 mg, 0,21 mmol) 
in dry dichlorom ethane (2 ml) at 0°C was treated  with 
trifluoroacetic anhydride (0,3 ml, 2,12 mmol). The reaction 
m ixture turned an initial green and then brown, and the 
reaction was m onitored by t.l.c. A fter 2,5 h , starting 
m aterial was consum ed and the reaction mixture was added 
to  sa tu ra ted  aqueous sodium  hydrogencarbonate. T he 
m ixture was extracted with dichloromethane and the residue 
ob ta ined  upon w ork-up was chrom atographed [eluent, 
ethyl ace ta te-ligh t petroleum  (3:7)] to afford the product
(2) (48 mg, 67% ), m .p. 156— 157°C (from ethanol); vmax
1 740 cm - 1; 6  3 ,79 ,3 ,89 ,3 ,92 , and 4,00 (each 3H, s, O C H 3), 
6,64 (1H, s, 6-H ), and  6,64 and 6,78 (each 1H, d, /9 H z , 2- 
and 3-H) (Found: C , 55,9; H , 4.4. Calc, for C 16H 15F3O s : C , 
55,8; H , 4,4% ).
1,4,5 - 71rimethoxy-tt-trijluoroaceiy[naphthalene (4) and
1,4,5-trimethoxy-3-trifluoroacetyInaphthalme (5)
To com pound (3) (600 m g, 2,75 mmol) in dry dichloro­
m ethane (3 ml) was added trifluoroacetic anhydride (4 m l), 
and the  solution was stirred at room  tem perature for 10  
days. The solution was poured into water and extracted with 
dichlorom ethane. The residue obtained upon work-up was 
chrom atographed [eluent, ethyl ace ta te-ligh t petroleum  
(1:4)] to afford product (5) (50 mg; 14% based on un­
recovered starting m aterial) as a yellow oil, vmax 1 695 c m "1; 
S  3 ,83,4,00, and 4,03 (each 3H , s, O CH 3), 6,89 (1H, s, 2-H),
7,00 (1H , dd, J  2 and 8H z, 6-H ), 7,57 (1H , t, J  8Hz, 7-H), 
and 7,90 (1H , dd, /  2 and 8Hz, 8-H) (Found: A/ + , 314, 
07776. Calc, for C ^ H ^ F jO j:  M , 314,07657).
L a te r fractions gave starting m aterial (340 mg) followed 
by com pound  (4) (100 mg; 28% based on unrecovered 
starting m aterial), m .p . 138— 139°C (m ethanol-ligh t petro­
leum ); vmax 1 730 cm -1 ; t> 3,82, 3,89, and 3,97 (each 3H, s, 
O C H 3), 6,78 (2H, s, 2- and 3-H), 6,80 (1H , d, 79H z, 6-H ), 
and 7,28 (1H , d , / 9H z, 7-H) (Found: C, 57,5; H , 4,2. Calc, 
for C 15H 13F3O ll: C , 57,3; H , 4,2% ).
Methylation o f  15-dimethoxy-3-trifluoroacetyl-^-naphthol (11) 
T he naphthol (11) (210 mg) in dry acetone (40 ml) was 
treated  with anhydrous potassium carbonate (2  g) and 
iodom ethane (4 m l), and the mixture was heated under 
reflux with vigorous stirring for 4 h. The cooled solution was 
filtered and the excess of iodom ethane and the solvent were 
rem oved by evaporation. P.I.e. gave the product (5) (161 
m g, 73% ) as a yellow oil, identical by t.l.c ., and by i.r. and 
lH  n.m .r. spectroscopy, with m aterial obtained by trifluoro- 
acetylation of naphthalene (3).
2- Trifluoroacetyl- l-naphthol (7)
1-N aphthol (950 mg, 6,5 m mol) was dissolved in dry 
dichlorom ethane (4 ml) and trifluoroacetic anhydride (5 ml) 
was added. The solution was stirred at room tem perature for 
64 h and volatiles were removed by evaporation. C hrom ato­
graphy [eluent, ethyl ace ta te-ligh t petroleum (2,5:97,5)] 
afforded the product (7) (593 mg; 64% based on unrecovered 
starting m aterial), m.p. 87— 88°C (from light petroleum ); 
vmax 1 630 c m - ';  d  7,28 (1H, d , J  9Hz, 4-H), 7,4— 7,85 
(4H , m, A r-H ), 8,45 (1H, d , J  9Hz, 3-H), and 12,85 
(1H , s, O H ) (Found: C, 60,1; H , 2,9. Calc, for C 12H 7F30 2: 
C, 60,0; H , 2,9% ).
1.5-Dimethoxy-3-trifluoroacetyl-4-naphthol (11)
1.5-Dimethoxy-4-naphthol (8) (51 mg, 0,25 mmol) was 
dissolved in dry dichlorom ethane and treated with trifluoro­
acetic anhydride (5 ml). The solution was stirred at room  
tem perature for 40 h. Evaporation of volatiles and chrom a­
tography o f the residue [eluent, ethyl acetate-light petroleum 
(1:9)] gave the product (11) (63 mg, 84% ), m.p. 126— 127°C 
(from  ethanol); vmax 1 632 cm -1 ; d  3.94 and 4,05 (each 3H, 
s, O C H 3), 6,91 (1H , m, 2-H), 6,97 (1H, d ,79H z, 6 -H ),7.58 
(1H , t, > 9Hz, 7-H), 7,82 (1H, d, J  9Hz, 8-H), and 12,85 
(1H , s, O H ) (Found: C, 55,8; H , 3,5. Calc. fo rC 14H u F 30 4: 
C , 56,0; H , 3,7% ).
1 ,5,7-Trinu‘th nxy - 3 - trifl u or on ce tyl-A-nap h thol (12)
T o  l,5,7-trim ethoxy-4-naphthol (247 mg) in dry dichloro­
m ethane (5 ml) was added trifluoroacetic anhydride (4 ml) 
and the reaction mixture was stirred a t room tem perature 
for 4 h. W ork-up as for 11, and chromatography [eluent, 
ethyl ace ta te-ligh t petroleum  (1:4)] gave the product (12) 
(311 mg, 89% ), m .p. 138— 140°C (from light petroleum ); 
vmax 1 630 c m '1; b 3,93,3,95, and 4,02 (each 3H, s, O C H 3),
6,58 (1H, d, J  2,5Hz, 6-H), 6,86 (1H , m , 2-H), 7,16 
(1H , d, J  2,5Hz, 8-H), and 13,33 (1H, s, O H ) (Found: C, 
54,9; H . 4,0. Calc. fo rC 15H ]3F30 5: C, 54,6; H , 4,0% ).
5-M ethoxy-1 J-di(2-propy!)oxy-3-irifluoroacety!-4- 
naphthol (13)
The naphthol (10) (456 mg) in dry dichloromethane (3 ml) 
was trea ted  with trifluoroacetic anhydride (2 ml) and the 
solution was stirred for 3 h. The product (515 mg, 85%) was 
isolated as for 1 1  to give 13, m.p. 76— 77°C (from 2- 
propanol); vmax 1 630 cm ’; 6  1,44 [12H, d, /  6,5Hz,
2 x  C H (C H 3)2], 4,03 (3H, s, O C H 3), 4,73 (2H, septet, 
C H C H 3), 6,57 (1H , d, /2 ,5 H z , 6-H), 6,93 (1H , m, 2-H),
7,20 (1H, d, J 2,5Hz, 8-H ), and 13,20 (1H, s, O H ) (Found: 
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3-(l ,\-Dihydroxy~2.2,2-trifluoroethyl)-5-methoxy-1,4- 
naphthoquinone (16)
Cerium(IV) am m onium  nitrate (358 mg, 0,64 m m ol in water 
(5 ml) was added over 5 min to  a stirred solution o f  the 
naphthol (1 1 ) (98 mg, 0 ,3 3 m m ol) in acetonitrile (20 m l) and 
water (15 ml) at room tem perature. The solution was stirred 
for a further 5 min and then poured into w ater, and the 
mixture was extracted with dichlorom ethane. The residue 
obtained upon work-up (85 mg, 86% ) afforded the product
(16) as long yellow needles, m .p. 142— 143°C (from  
chloroform -light petroleum) which resolidified as cubes, 
m.p. 156— 157°C; vmax 3250br and 1645 cm -1 ; 5 (acetone- 
d6) 4,04 (3H, s, O C H 3), 7,27 (3H, s, tw o of which exchange 
with D20  leaving 2 -H), and 7,54— 8,01 (3H, m, A r-H ); m je  
302 (M + , 5) 284(50), 215(100), 187(67), 157(24), 129(17), 
and 76(39) (Found: C, 51,6; H , 2,9. Calc. fo rC ]3H 9F30 5: C, 
51,7; H , 3,0% ).
3-( 1, \-Dihydroxy~2,2,2-trifluoroethyl)-5-methoxy-l- 
(2-propyl')oxy-l A-naphthoquinone (17)
Oxidation of naphthol (13), as for com pound (11), gave a 
residue upon work-up, which was chrom atographed [eluent 
ethyl ace ta te-ligh t petroleum  (1:3)J to afford the quinone
(17) (92%), m.p. 104— 106°C. (from dichlorom ethane-light 
petroleum); vmax 3430br, 3210br, 1670, and 1640 cm -1 ; 6 
(acetone-d6) 1,38 [6H , d, 76 ,5H z, C H (C H 3)2] 3,95 (3H , s, 
OCH3), 4,73 [1H, septet, C H (C H 3)2], 6,88 and 7,08 (each 
2H, d ,7 3Hz, 6- a n d 8-H), 7,15(1H, s, 2-H). and 7,41 (2H , s, 
D-,0 exchangeable) (Found: C , 53,4; H , 4,3. Calc, for 
C 16H 15F30 6; C, 53,3; H , 4,2% ).
I -Hydroxy-9-melhoxy-3-( 1 -propyl)-1 -nifluoromethyl- 
naphtho[2,3-c\pyran-5,\i)-quinone  (18)
A mixture of the quinone (16) (450 mg, 1,1 m m ol) and
3-hydroxyhexanoic acid (425 mg, 3,22 mmol) in acetonitrile 
(30 ml) containing silver nitrate (120 mg, 0,71 mmol) in 
water (2  ml) was treated dropwise with potassium peroxo- 
disulphonate (676 mg, 2,50 mmol) in water (15 ml) under 
nitrogen over a  period of 45 min at 78°C (bath ). T h e  solution 
was stirred for a further 75 min at the same tem perature and 
then poured into water (150 ml) and extracted with ether 
(3 x 50 ml). The residue obtained upon w ork-up was 
chromatographed [eluent, ethyl ace ta te-ligh t petroleum  
(3:7)] to  give the  product (18) (425 mg, 8 0 % ), m .p . 
168— 170°C (from dichlorom ethane-light petroleum ); vmax 
3350br, 1665, and 1645 cm-1 ; 3  0,95 (3H, distorted  t, 
76,5Hz, C C H 3), 1,15— 2,00 (4H , m, C H 2), 2,13 (1H, d d ,7
II and 18Hz, pseudo-axial 4-H ), 2,93 (1H, dd , 7 2,5 and 
18Hz, pseudo-equatorial 4-H), 3,8 (1H , m, 3-H ), 3,97 
(3H, s, O C H 3), 6,23 (1H, s, D aO  exchangeable, O H ), and
7,15— 7,80 (3H, m , A r-H ) (Found: C\ 58,3; H , 4,7. Calc, 
for C 1sH ,7F30 5: C, 58,4; H , 4,6% ).
1 -Hydroxy-9-meth rxry-3-(l -propyl) -7-(2 -propyl)oxy-1 - 
trifluoromethylnaphtho-[2,3-c]pyran-5,W-quinone (19)
The quinone (17) was alkylated as for 16, to  yield the 
product (19) (60% ), m.p. 128—  129°C (from  2-propanol); 
vmax 3385br, 1660, and  1640 cm -1 ; 6  0,93 (3H , distorted t, 7  
6H z, C H 2C H 3), 1,37 [6H , d , J  6 ,5H z, C H (C H 3)2], 1,15—
2,0 (4H , m , CH2), 2,13 (1H , d d ,7 11 and 19Hz. pseudo-axial
4-H), 2,90 (1H, dd, 7  2 and 19Hz, pseudo-equatorial 4-H ),
3,6— 4,2 (1H, m, 3-H ), 3,95 (3H, s, O C H 3), 4,73 [1H, 
septet, C //(C H 3),], 6,50 (1H , s, O H ), and  6,68 and  7,17 
(each 1H, d, 7 2,5Hz, 6- and 8-H) (Found: C , 58,7; H , 5,4. 
Calc, for C^H ^F-jO f,: C , 58,9; H , 5,4% ).
Supplementary material
Tables of structure factors, hydrogen atom  coordinates, 
anisotropic tem perature factors, bond lengths and angles, 
least square planes’ param eters and non-bonded contacts 
pertinent to  the H -bonding scheme (16) are available on 
request from  the Reference Section, CSIR  Library Division, 
N il, P .O . Box 395, P retoria, 0001 Republic o f South Africa.
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